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The clinical problem
•Multiple active regimens for the treatment 
of most diseases
•Variation in response to therapy
•Unpredictable toxicity
$$$$$$$$$$$$$
With choice comes decision



Irinotecan Pathway
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UGT1A1: Promoter Polymorphism and Toxicity

UGT1A1 gene structure Iyer et al. 2002

Iyer et al. Pharmacogenomics J. 2002;2:43. 



Severe Neutropenia Risk with Irinotecan Use: 
UGT1A1 7/7 vs 6/6 + 6/7 Genotypes

Unadjusted Odds Ratio

aGr 3+ neutropenia.  
bGr 4 leukopenia and/or Gr 3+ diarrhea.

n/N (%)
Author

1.1 - 25.95.422/111 (20%)4/7 (57%)Andob

0.6 - 9.72.518/85 (21%)4/10 (40%)Marcuelloa

1.4 - 38.57.510/66 (15%)4/7 (57%)Rouits
2.3 - 120.616.73/53 (6%)3/6 (50%)Innocenti

95% CI
Est. Odds 

Ratio6/6 + 6/7 7/7

From Parodi et al. FDA Subcommittee presentation. November, 2004.



Revised Irinotecan (Camptosar®) Label

Campostar PI.



Summary of 10 Pharmacogenetic Trials
Rate of Grade 3/4 hematological toxicity

Carlini 20055% (3/56)0% (0/6)Capecitabine7100, 125

Toffoli 200614% (33/228)18% (4/22)5-Fluorouracil14180

Massacesi 20066% (3/49)14% (1/7)Raltitrexed780 

McLeod 20069% (9/98)18% (2/11)5-Fluorouracil7100

Rouits 200429% (12/41)60% (3/5)5-Fluorouracil14180

Chiara 200524% (12/51)57% (4/7)None14180

Marcuello 200422% (11/51)60% (3/5)5-Fluorouracil14180

McLeod 200612% (11/92)55% (6/11)Oxaliplatin21200

Iyer 20020% (0/16)50% (2/4)None21300 

Innocenti 200411% (6/55)83% (5/6)None21350 

Trial

6/6 & 6/77/7

Concomitant 

chemotherapy

Schedule

(No. of days

bet/ doses)

Irinotecan

dose

(mg/m2)



Dose Modulates Association Between UGT1A1*28/*28
and Hematological Toxicity

Dose (continuous): generalized linear mixed model

P<0.05
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Hoskins et al. J Natl Cancer Inst. 2007. 99:1290. 



Dose Modulates Association Between 
UGT1A1*28/*28 and Hematological Toxicity

27.8 (3.97-195)
3.23 (1.52-6.81)
1.80 (0.37-8.84)

Odds ratio (95% C.I.)

0.005>250 mg/m2

0.008150-250 mg/m2

0.41<150 mg/m2

PIrinotecan dose

Dose (categorical): generalized linear mixed model (7/7 versus 6/6, 6/7)

Hoskins et al. J Natl Cancer Inst. 2007;99:1290. 



We do not know very much about drugs
Irinotecan

cell membrane

Irinotecan

Irinotecan

SN-38

SN-38

SN-38
TOP1

Cell Death

APC

SN-38G

ABCB1

CYP3A4

CYP3A5
CES1

CES2

UGT1A1

CES1

CES2

ABCC2
ABCG2

ABCC1

ADPRT

TDP1

CDC45L

XRCC1

NFKB1

NPC

ABCB1

????

????

????

???? ????
???? ????

???? ????
????

????
????

???? ????
????

????

????

????

????



Discovery Strategies
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What needs to be done to determine hope vs hype?

•Find the 'right' biomarkers

•Validate in robust datasets

•Apply them!



Correlative science: business as usual

Phase III

Biomarker
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2008 Estimated US Cancer Cases*
Men

710,040
Women
662,870 •32% Breast

•12% Lung and bronchus

•11% Colon and rectum

• 6% Uterine corpus 

• 4% Non-Hodgkin
lymphoma 

• 4% Melanoma
of skin

• 3%     Ovary

• 3% Thyroid

• 2% Urinary bladder

• 2% Pancreas

•21% All Other Sites

Prostate 33%

Lung and bronchus 13%

Colon and rectum 10%

Urinary bladder 7%

Melanoma of skin 5%

Non-Hodgkin 4%

lymphoma

Kidney 3%

Leukemia 3%

Oral Cavity 3%

Pancreas 2%

All Other Sites 17%

C90401; n=1020 C40101; n=4646

C80203/80405; n=2200 C80203/80405; n=2200

C50303; n=430
C50303; n=430

C10105; MDS

C80303; n=528 C80303; n=528

C80101 gastric; n=800

C30502; n=270 C30502; n=270

*Excludes basal and squamous cell skin cancers and in situ carcinomas except urinary bladder.
Source: American Cancer Society, 2005.





Advanced Colorectal Cancer:
CALGB #80203
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Irinotecan
UGT1A7
UGT1A1
ABCC2
ABCC4
SLCO1B1

Cetuximab
EGFR
FCGRII and III
Other clearance genes

5-Fluorouracil
TYMS
MTHFR

Oxaliplatin
ERCC1
ERCC2
GSTP1

SLC transporters



SPONSORS:

NIGMS
NHLBI NHGRI 
NCI
NIEHS 
NLM

Research Sites:

Brigham and 
Women’s Hosp.

Children’s Hosp.   
Oakland

Indiana Univ.

Mayo Foundation

Stanford Univ.

UCSF X 2

Univ. of Chicago

Univ of Florida

Univ of Maryland

Univ of N Carolina

Vanderbilt Univ.

Washington Univ.  

PGRNPGRN

NIH Pharmacogenetics Research Network

www.nigms.nih.gov/pharmacogenetics                              www.pharmgkb.org



Genotyping was performed for the cellular transporters ABCC2, ABCC4, 
ABCG2, SLCO1B1, SLC22A1, and SLC22A2 and the UGT1A1*6, *28 and 
UGT1A7 genotypes. 

ABCG2 34G>A was associated with relative susceptibility to FOLFOX and 
resistance to FOLFIRI (p<0.013, Caucasians only). 

1/5 (20%)32/73 (44%)FOLFIRI

5/5 (100%)37/65 (57%)FOLFOX

ABCG2 34A/GABCG2 34G/G



Genome wide association study in 
pancreatic cancer patients treated with 

chemotherapy

CALGB #80303

Federico Innocenti, MD, PhD
Nancy Cox, PhD

UofC(PGRN)/Riken/CALGB



CALGB 80303 Trial design
R
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Gemcitabine
BevacizumabAdvanced 

pancreatic 
cancer
N=590 Gemcitabine 

Placebo

Stratification:
•Performance status: 0/1 vs. 2
•Extent of disease: metastatic vs. locally advanced
•Prior radiation: yes/no

Kindler et al, Proc ASCO, 2007



CALGB 80303: Treatment
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Gemcitabine 1000 mg/m2 D 1, 8, 15
Bevacizumab 10 mg/kg D 1, 15 

Gemcitabine 1000 mg/m² D 1, 8, 15
Placebo D 1, 15 

1 cycle = 28 days
CT scans: obtained every 2 cycles



CALGB 80303: 
Overall Survival by Treatment Arm
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Bevacizumab 5.8 mo
Placebo          6.1 mo
HR = 1.03
P =    0.78



Toxicity 

13%6%G2-4 Proteinuria
5%1%G3-4 Proteinuria
16%5%G2-4 Hypertension
10%2%G3-4 Hypertension
34%31%G3-4 Neutropenia

GB (n=191)GP (n=183)



Objectives

• To identify genetic variation associated with 
differences in toxicity and efficacy

• Primary
– Severe myelosuppression (G3-4 neutropenia)

• Secondary
– G2-4 hypertension and proteinuria

– Overall survival



Platform

• Illumina’s HumanHap550 Genotyping 
BeadChip

• QC – preliminary QC was outstanding





Results
Genotyping

• Very little missing data
• Very few departing data from HWE
• No apparent plate effects

• A couple of duplicated and some 
contaminated samples

• Sex misclassification: solved
• Discrepancy between the phenotype and the 

genotype data sets



Results

• 355 samples
• Europeans
• Neutropenia and hypertension in both arms, 

combined

• Several genes not yet annotated
• Several proteins with little information on 

function
• Intronic variants



Coverage of 10 candidate genes in 
the 550 chip
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Conclusions
• A very worthwhile experiment

– feasibility

• The vast majority of gene candidates are not 
previously identified candidates

• The vast majority of SNPs have no established 
function

• New leads
• Function to be established



*





What needs to be done to determine hope vs hype?

•Find the 'right' biomarkers

•Validate in robust datasets

•Apply them!



Biomarker-driven
studies
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Nothing
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